Abstract
Introduction
Vector control theory was put forward by the German F. Blaschke in 1971 has been widely used in the field of modern electrical drive and became the mainstream of the AC Frequency Control System whit AC motor as its control object [1] [2] [3] [4] . Vector control technology equates three-phase system to two-phase system used coordinate transformation according to the principle of magnetic motive force equivalent. Decoupling between excitation component of stator current and torque component was achieved after rotation synchronization by the magnetic field orientation, and then reached the purpose of controlling of AC motor flux and current respectively [5] [6] .This can equates a three-phase asynchronous motor to a DC motor, which can be gained the same static and dynamic performance with the DC drive system. This paper introduces a modeling and simulation method of vector control system based on the function component of matlab/simulink and carries out the experiments of Control system.
Mathematical model of Vector Control System of Induction Motors
Vector Control of Induction Motors equates AC motor to DC motor, which would derive the mathematical model and the induction motor torque control equation in rotor field-oriented rotating by coordinate transformation method [7] [8] [9] [10] [11] [12] . In this paper, a kind of archetypal motor with direct-axis and quadrature axis winding was used and all kinds of motors can be equivalent to archetypal motor by changing to form the dual-axis theory. The archetypal motor diagram is shown in Figure 1 , and its winding voltage equation (1) can be derived as below. The two windings of the archetypal motor are the windings like the DC motor with commutator, and thus the axis of the two rotor windings is fixed, but its leading wire is in the rotation. These archetypal motor axes of the four windings are fixed, and they either coincide or are orthogonal to the vertical. There exits mutual inductance in the two windings of coinciding, and there is no mutual inductance between the two vertical windings. The four windings' flux equation (2) was shown as below.
（2）
Where L DD 、L dd 、L QQ 、Lrespectively is the self-inductance of the winding D、d、Q、q, and L Dd 、L Qq respectively is the mutual inductance between winding D and d、winding Q and q. The potential of the winding can be derived by integrating shown as equation (4). 
So the speed of the rotor winding voltage is the equation (5) 
We can derive the voltage equation (6) of the archetypal motor as below.
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Equation of induction motor in MT rotating coordinate system
Three-phase asynchronous motor was replaced by an equivalent two-phase asynchronous motor with dual-axis theory and archetypal motor voltage equation, which means the three-phase motor stator and rotor windings are equivalent to the α-β coordinate system. The relationship between it and the archetypal motor windings is below.
The mathematical model of induction motor in α-β coordinate system can be derived, Such as equation (7) is shown. 
（7）
As the α-β axis coordinate is static, while the M-T axis rotates with synchronous angular speed ω1.
And ω1、ωs respectively is relative angular velocity of the stator windings and the rotor windings. Supposed M-axis is toward the magnetic field axis and T-axis is vertical to axis with the magnetic field. Thus the angle between M-axis and α-axis is θ=ω1t+θ0, whereθ0 is arbitrary initial angle. Finally each variable in α-β coordinate system was transformed to the MT coordinate system by using vector rotation transformation. Mathematical model of induction motor, such as equation (8) shown below is get by simplified. 
Simulation of hysteretic current PWM transducer
Pulse-width modulation (also known as PWM) control technology is to use a new type of highperformance and capacity electrical conduction from the switch and turn off the DC voltage into a pulse sequence, and by controlling the voltage pulse width or cycle to achieve the purpose of a frequency control technology. The most common technique is sinusoidal PWM technology. In the simulation of PWM current control is adopted. And the i ref is a sinusoidal current reference signal generated by the control circuit or microprocessor, a given frequency and amplitude. The deviation between i ref and that is actual phase current detection current signal input a high-gain amplifier with hysteretic characteristics (DHC) and control on and off of the power transistor.
PWM inverter is the simulation is consists of three single-phase half-bridge circuits, and the ring width has relatively large effects to tracking performance. When ring width is too wide, the tracking error increases, the switching frequency reduced; when ring width is too narrow, the tracking error decreases, the switching frequency is too high, even exceed the allowed frequency of the transistor. In view of these considerations Δimax values of 0.1 in this system, so the simulation model of hysteresis current inverter in simulink is shown in Figure 2 .Where ia *, ib *, ic * respectively is the given value of three-phase stator current ,and ia, ib, ic respectively is the actual value of three-phase stator current. Output Ua, Ub, Uc respectively is the input pulse voltage of the three-phase motor stator. 
Simulation model of induction motor
Simulation model of asynchronous motor can be available by the mathematical model equation (8) of induction motor, and the simulation in simulink graph is shown in Figure 3 .The U / I part is a voltagecurrent transformation part, and the differentiation of Ψ 2 operations is avoided. The differentiation link is sensitive to noise signal, and is not conducive to the stability of simulation model. Therefore, this simulation model has better stability. Many of the induction motor's quantities can be obtained by doing some transformations to the mathematical model. The study on steady-state and dynamic-state of induction motor and its control system is very convenient.
Simulation and analysis
In order to verify the validity of the simulation model, this paper adopted 3KW4 and Y series threephase asynchronous motor produced by Beijing Motor Factory to simulation the steady state and dynamic state performance. The measured parameters of the motor respectively is P=3KW, n p =2, n nom =1420r/min,T em =21.45n.m,I nom =6.8A,Io=3.27A,R 1 =1.898Ω,R 2 =1.45Ω,Ls=196mH,Lr=196mH, L m =187mH, J=0.0067KJm 2 , T 2 =135.2ms.
Steady-state simulation
Applied rated 380V/50HZ voltage to the motor stator in the simulation model shown in Figure  3 ,applied excitation signal in advance, and directly start from the static with 10N.m load. The simulation curve into the steady state of motor rotor flux Ψ 2 , electromagnetic torque Te and the rotor speed n are shown in Figure 4 . We can see from the simulation curves that speed, torque and other transient values basically stabilized and into the steady-state process within 0.2 seconds. Which shows the performance of the motor start is good and completes the full pressure start soon. The reason that the actual rev is higher than the rated at rated load is the simulation model ignores the influence of iron loss and winding resistance.
Dynamic Simulation
Applied rated 380V/50HZ voltage to the motor stator in the simulation model shown in Figure  3 ,applied excitation signal in advance, and directly start with on load. 10N.m load was suddenly added after one second, 5N.m load was suddenly added after two second and 10N.m load was suddenly added after three second. The total inertia was 0.009kgm2, and the motor dynamic process simulation of rotor flux Ψ2, electromagnetic torque Te, the rotor speed n and the major physical quantities such as stator current curves are shown in Figure 5 . 
Figure5. Simulation graph of dynamic state
We can see from the simulation curves that rotor operate in synchronous speed when induction motor start with no load .As the load increases, the speed decreases, the slip s increases, and the rotor current increases to produce increased electromagnetic torque balanced with load. As the load decreases, the speed increases, the slip decreases, which showed the motor's adaptive ability is better. Moreover the actual speed decrease or increase and can quickly stable when in the case of increase or decrease the load angle. This shows the speed stability is good. The fluctuations of the torque and speed are not as big as simulation result in the original start time of 0.1 second. That is because of the suppose of transient motor parameters is the same to the steady-state operation, which discrepancies with the actual situation and because of having no consider to the saturation of the motor in the transient high current. The fluctuation of transient torque and transient speed tend to steady after 0.1 second, which is consistent with the real condition because of the motor saturation level has been greatly reduced and the motor parameters have been close to the steady state parameters.
Concluding remarks
In this paper, the simulation model of induction motor vector control system is established based on matlab / simulink by using the induction motor's mathematical model in MT rotating coordinate system. The simulation results show the validity of this model. The system can gain a good dynamic performance by appropriately select the adjustment parameters and the simulation parameters. The system has the performance of quick dynamic response, small overshoot and strong anti-jamming capabilities. For a given value the systems has a good dynamic tracking ability, and get an ideal speed control system.
